It has been shown previously that I F strains of Streptomyces coelicolor harbour a plasmid, SCP I , lacking in UF strains, and that IF strains inhibit aerial mycelium production of UF strains. In the present study, IF strains of S. coelicolor, but not UF strains, were found to inhibit 19 out of 32 wild-type streptomycetes belonging to various species. Some of these presumptive U F wild-types were grown in mixed culture with IF strains of ~3 ( 2 ) and it was found, by a simple visual procedure, that SCP I was transferred to one of them, converting it to an IF strain. The rates of loss of SCP I from this strain, both spontaneously and after U.V. irradiation, were found to be similar to those from IF strains of ~3 ( 2 ) .
I N T R O D U C T I O N
The wild-type strain ~3 ( 2 ) of Streptomjws coelicolor has been shown to harbour a plasmid called SCP I (Vivian, 1971 ) which determines its fertility characteristics; these have been designated IF (Initial Fertility) . The plasmid is lost by derivatives of ~3 ( 2 ) (IF) to give UF (Ultra-fertility) strains with a spontaneous frequency of about 0.03 to 0.3 %. which is increased to I to 2 "/o by U.V. or X irradiation (Vivian & Hopwood, 1970) . The plasmid may rarely become spontaneously associated in a stable manner with the chromosome to give strains of the N F (Normal Fertility) type, which act as donors of chromosome fragments to TF or UF recipients (Hopwood, Harold, Vivian & Ferguson, 1969; Vivian & Hopwood, 1970) , and is also transiently associated with the chromosome in unstable donors of other types, which may owe their donor characteristics to their possession of substituted SCP I plasmids analogous to those in F prime strains of Eschericlria coli (Hopwood, Chater, Dowding & Vivian, 1973; Vivian & Hopwood, 1973) . SCP I is responsible, when it interacts with the chromosome, for high levels of transfer of chromosomal material between derivatives of ~3 ( 2 ) .
The frequency of recombinants amongst the spores of mixed cultures of NF and U F strains reaches 100 % (Hopwood et a/. 1969 ) and is in the region of 10 "/o and I % in NF x I F and NF x NF mixtures respectively. In IF x UF mixtures the frequency of transfer of SCP I from I F to UF is very high (Vivian, 1971) , but the frequency of gene transfer is low; it varies widely with different strain combinations, in the range TO-^ to I O -~ with respect to the minority parent (Hopwood et a/. 1973) . However, gene transfer takes place in the absence of SCP I , the frequency of recombinants in UF x UF mixtures usually being at the lower end of the range of frequencies found in IF x U F mixtures (Vivian & Hopwood, 1970; Hopwood et al. 1973) . Moreover, the characteristic of recombination in Streptomyces coelicolor, that large groups of linked markers are transferred together, indicating a conjugation type of process, is found also in UF x UF mixtures . Apart from its effects on fertility, only two other phenotypic effects of SCP I have so far
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been recognized in strains harbouring it, whether autonomously in IF strains (Vivian, 1971) or interacting with the chromosome in NF (Hopwood, 1972) or other donor strains (Vivian & Hopwood, 1973) ; it causes the excretion of a diffusible substance which inhibits aerial mycelium production by UF strains, and confers resistance to this substance. The present paper describes the discovery that several different wild-type strains belonging to the genus Streptomyces can be diagnosed as equivalent t o UF strains of Streptomyces coelicolor ~3 ( 2 ) .
Attempts to infect them with SCP I from ~3 ( 2 ) have so far been successful in one case.
METHODS
General. Complete (CM) and minimal (MM) media and standard cultural and genetic techniques with Streptornyces coelicolor were those described by Hopwood (I 967). Nutrient broth and agar for production and assay of phage VP 5 were described by Dowding (1973).
Strains. 
RESULTS

Testing of other wild-types for presence or absence of SCP I
If an unrelated strain harboured a plasmid resembling SCP I it would be expected specifically to inhibit aerial mycelium production of a UF derivative of Streptomyces coelicolor ~3 ( 2 ) but not of an IF derivative. Conversely, strains lacking SCP I might be inhibited by an IF derivative of ~3 ( 2 ) but not by a UF derivative. Two series of tests were performed. In one, a spore suspension of an IF strain (104: J?isAI uraAI strAI) was spread on one set of plates of CM and a suspension of a UF strain (I 190: JzisAI uraAI strAr) on another set. Loopsful of spores of each streptomycete to be tested were placed in areas about 1-5 cm diam. on one plate of each set. Four tests were performed on each plate. After incubation for 2 to 4 days the plates were examined for inhibition by the tested strains of growth and/or aerial mycelium production of strain 1190 but not of 104, indicating the tested strain to be 'IF-like'. In the other series of tests, each strain to be studied was spread on a plate of CM and patches of I 04 and I I 90 were placed on it. After incubation as before, significant interactions were those in which 104, but not I I 90, inhibited the tested strain, indicating it to be 'UF-like'.
The first series of tests yielded no clear rF-like reaction on the part of the tested strains. Several streptomycetes inhibited ~3 ( 2 ) derivatives, but the IF and UF derivatives were equally affected, indicating a cause, such as antibiotic production, unrelated to a plasmid of the SCP I type. On the other hand, several streptomycetes were identified as uF-like by the second series of tests (Table I) ; in addition to the named strains in Table I , four out of nine unidentified streptomyces reacted as uF-like.
Plasmid transj-er in Streptomyces
There are several limitations of these tests. For example, a potentially interesting plasmid in a new strain could fail to cause it to produce a diffusible substance resembling that evoked by SCP I , so that the UF tester strain would not be inhibited; or SCP I could fail to confer resistance to an analogous but chemically different substance evoked by a new plasmid, so that UF and IF testers would be inhibited to the same extent by the new strain. Conversely a new uF-like strain might have chromosomal, rather than plasmid-borne resistance to the SCP I substance, and so would not belrevealed as uF-like in the test ; or a new plasmid might fail to confer resistance to the SCP I substance, so that a strain might appear uF-like while still harbouring a plasmid. Nevertheless, the tests revealed a number of presumptive UF strains, some of which were used as possible recipients of SCP I from IF derivatives of A3(2).
Attempts to transfer SCP I $-om ~3 ( 2 )
to other streptomycetes Nine streptomycetes were chosen that reacted as uF-like in the testsjust described and grew well on unsupplemented MM. These were strains I I 53, I I 60, I 202, I 326 and I 777 ( Table I ) and I 158, I 159, I 195 and 1458 (unidentified) . A culture of each of these strains was mixed with IF strain 104 of Streptomyces coelicolor ~3 ( 2 ) on sJants of CM, and after 4 days of incubation spore suspensions were prepared from the mixtures, serially diluted tenfold and spread on plates of unsupplemented MM, selecting against strain 104. A parallel series of platings was made in which a loopful of a dense spore suspension of the same uF-like streptomycete that had been included in the mixed culture was spread on the plates with the spore suspension from the cross. The rationale for this procedure, which was first tested with mixtures of known IF and UF derivatives of ~3 ( 2 ) , was as follows. If a fraction of the prototrophic plating units from the mixed culture had been converted to IF ( 2 ) on minimal medium with an excess of strain 1326. Only protolrophic growth is seen. Numerous colonies of 1326 converted to IF in the cross are surrounddd by :zones in which aerial mycelium production by the background unconverted 1326 strain has been inhibited. platings, from the mixed culture alone, would serve to determine the total yield of prototrophic plating units from the mixed culture. This frequency could be related to the frequency, if any, of inhibiting colonies on the second series of plates.
Apparent transfer of SCP I was obtained with one out of the nine uF-like streptomycetes, strain 1326. A photograph of a plate revealing IF conversion of this strain is in Fig. I . From the data in Table 2 , the frequency of IF amongst spores of this strain derived from mixed cultures with strain 104 was in the region of 0.6 to 3 %.
In addition to tests with the nine strains, mixed cultures were also made between strain 104 and six further Streptomyces albus strains kindly supplied by Dr J. Lacey. These strains, numbers 1770-1772 and 1774-1776, failed to grow well on MM but did so when 0.5 % vitamin-free Casaminoacids (Difco) was added. The unsatisfied requirement of uracil by strain 104 prevented its growth on the plating media, No conversion of these S. albus strains to I F was detected. IF derivatives of strain I 326 were isolated by picking the inhibiting colonies on plates of the kind shown in Fig. I with a fine wire and streaking on MM. After two or three streakings, pure IF cultures were obtained, as determined by replication of the plates to lawns of 1326 or a UF derivative of ~3 ( 2 ) .
Stability of IF derivatives of strain 1326
IF strains of Streptomyces coelicolor ~3 ( 2 ) lose the plasmid with a low spontaneous frequency (about 0.03 to 0.3 %), which is increased to I to 2 % by irradiation with U.V. or X-rays (Vivian & Hopwood, 1970) . supplemented with cystine and streptomycin. Three hundred of the resulting colonies were replicated to lawns of 1326 on CM to test for the presence of SCP I in the colonies and to MM and MM plus cystine to verify that the colonies still had the cystine requirement of the 1707 parent, and thus to exclude the possibility of mutation of 1671 to streptomycin resistance. Every one of the colonies tested was of phenotype Cys-StP IF, indicating a very high rate of transfer of SCP I from an IF to a UF derivative of 1326; this rate is the same as that between derivatives of ~3 ( 2 ) . ( 2 ) have so far failed to reveal any transfer of SCP I from 1326 back to ~3 ( 2 ) . When the crosses were studied by the confluent plating method (see Fig. I ), no inhibition of the background UF population was seen. When 1000 colonies with the markers of the ~3 ( 2 ) parent from the crosses were picked and tested individually, all were found to be UF.
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Lack of transfer of SCP
Recombination in strain I 326
The data in the top part of Table 4 show that recombination occurs in strain 1326. The frequency of prototropli production in these crosses between pairs of auxotrophs varied between about 4 x I O -~ and 4 x I O -~ with respect to the minority parent; these frequencies are within the range found in UF x UF crosses in strain ~3 ( 2 ) . The frequency range was not changed when one of the parents in the cross was converted to IF by SCP I from strain ~3 ( 2 ) (bottom part of Table 4) .
Recombination between .i.trains ~3 ( 2 ) and I 326 In Table 5 are the results of crossing derivatives of ~3 ( 2 ) carrying the marker pheAr, of each of the three fertility types, UF, IF and NF, with auxotrophs of strain 1326. The frequency Plasmid transfer iiz Streptomjces I93 Relative plaque counts of lysates plated on" of prototroph production in crosses involving U F and IF derivatives of ~3 ( 2 ) was very low, and probably not significantly above the levels of reversion of the markers (see bottom of Table 4 ). On the other hand, the frequency of recombination in crosses involving the NF strains was much higher, within the range I x I O -~ to 3 x 10-j.
Lack of rc>striction between strains ~3 ( 2 )
and I 326 To test the possibility that low frequencies of plasmid and gene transfer between derivatives of strains ~3 ( 2 ) and 1326 might reflect the operation of a restriction-modification system (Boyer, 1971), an experiment was performed to determine the relative efficiency of plating of a bacteriophage lysate that had been prepared on each of four strains, UF and IF derivatives of ~3 ( 2 ) and 1326, when assayed on each strain in turn. Of the two best-studied phages isolated in this laboratory, the virulent phage VP I I (Dowding, 1973) was found not to attack strain 1326. Therefore the temperate phage VP 5 was chosen (Dowding & Hopwood, 1973) , a clear-plaque mutant being used for the experiments.
The results (Table 6) showed a difference by a factor of 6 in average counts on the four hosts, but this was unrelated to the host on which the phage had been prepared. It probably reflected differences in the vigour of sporulation of the strains, which in turn influenced the proportion of spores in the host suspensions, a factor known to affect the plating efficiency of actinophages (Dowding, 1973) . Thus no system capable of restricting VP 5 DNA was detected, in strains with or without SCP I .
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Plasmid transfer in Gram-negative eubacteria has been shown to occur by conjugation between strains belonging to diverse genera, presumed, from the evidence of DNA base composition as well as from general taxonomic considerations, not to be closely related: Escherichia, Salmonella, Slzigella, Pasteurella, Proteus, Erwinia, Serratia, Pseudomonas, Rlzizobium, Agrobacteritrm and Klebsiella (Baron, Gemski, Johnson & Wohlhieter, I 968 ; Lawton, Morris & Burrows, 1968; Datta et al. 1971; Chatterjee & Starr, 1972; Dixon & Postgate, 1972) . In such studies, strains which have received a plasmid have been selected by virtue of the expression of plasmid-borne genes conferring prototrophy or drug resistance lacked by auxotrophic or drug-sensitive recipients.
Although gene transfer in streptomycetes occurs by a mechanism which is referred to as conjugation because it can result in the transfer of large segments of the genome of a donor to a recipient strain, we do not know whether its morphological basis is similar to that in Gram-negative eubacteria. Since there are no other known conjugation systems amongst Gram-positive bacteria, there are no closely analogous processes with which the streptomycete system might be compared. Thus, a priori, we cannot guess whether plasmid transfer is likely to occur between different streptomycetes, although reports of interspecific recombination (see references in Sermonti, 1969; and Hopwood, 1972 ) make this a likely possibility. The current absence of selectable plasmid-borne characters is nevertheless a handicap in its experimental verification.
Strain 1326, although sharing a number of characters with strains commonly referred to as Streptomyces coelicolor or S. violaceoruber, is distinct from such strains in several ways and, according to Dr N. D. Lomovskaya (personal communication), has been referred to as S. Iividans by Krasilnikov (1965) . The present paper has shown that, making use of a visual technique of limited selective power, plasmid transfer to this strain can be demonstrated. The observed frequency of transfer of I to 3 % is doubtless an overestimate since, owing to the long time-span of the crosses and the very efficient transfer of the plasmid within a strain, secondary intrastrain transfer from the first recipients presumably occurs. Moreover, since the IF product prevents aerial mycelium production, and therefore sporulation, by UF strains (Vivian, 1971) , there will an enrichment for IF amongst the spore progeny of the Cross. Once in the new strain, the stability of the plasmid, spontaneously and after U.V. irradiation, was found to be essentially the same as in its earlier host. However, transfer back to the original host has not been demonstrated. This is probably not due to restriction of foreign DNA, unless by a specific system undetectable by the phage test adopted.
Within the new host, the plasmid does not have an easily detected effect on recombination. In view of the difficulty of measuring in a meaningful way low frequencies of gene transfer in streptomycetes (observed frequencies depend very much on the vigour of asexual reproduction of different pairs of strains , a small average effect of SCP I on gene transfer in strain 1326 cannot be excluded. Nevertheless it is likely that SCP I interacts with the chromosome of strain 1326 at a lower frequency than in strain ~3 ( 2 ) .
IF
derivatives of ~3 ( 2 ) have a higher frequency of gene transfer to UF recipients than do UF derivatives (Hopwood et al. r973) , at least some of which is due to the presence of recognizable donor clones, in which segments of chromosome may be associated with SCP I (Vivian & Hopwood, 1973) , within the IF population. Even the normal 'wild-type' SCP I may already share certain base sequences with the chromosome of ~3 ( 2 ) that allow it to interact comparatively readily with the chromosome. An imperfect homology between the chromosomes Plusmid t m q f k r i pz S~r-eptom~*ces 195 of ~3 ( 2 ) and 1326 is suggested by the low frequency of recombinant-production between the two strains, even when an NF derivative of ~3 ( 2 ) was involved.
Apart from its relevance to comparative studies of bacterial genetics, perhaps the most interesting aspect of the present study is in connection with the possibility of gene transfer between diverse streptomycetes in industrial strain-improvement programmes. Once specific chromosomal genes can be transferred to a plasmid in its original host, introduction of the modified plasmid into a second host, perhaps not closely related to the first, should lead to expression of the foreign genes, even without the necessity for their integration into the chromosome of the recipient, an event that may be very unlikely owing to poor basesequence homology (Hopwood, I 972) .
